A human lung carcinoma cell line (A549) was compared with various other cell lines to determine susceptibility to viral growth. In the first phase of the study, A549 cells were compared with human embryonic kidney (HEK) and cynomolgus monkey kidney (CMK) celis for isolation of upper-respiratory disease viruses by using 1,248 throat swab specimens from basic-combat trainees. Of the 552 virus isolates, 507 were adenoviruses, 41 were polioviruses, and 4 were herpes simplex viruses (HSV). Of the isolates, 518 (93.8%) were isolated in A549 ceils, 480 (87.0%) were isolated in HEK cells, and 262 (47.5%) were isolated in CMK cells (P < 0.001). In the second phase of the study, A549 cells were compared with a human diploid fibroblast cell strain (MRC-5) and Vero monkey kidney (VMK) cells for the isolation of HSV from 1,157 specimens submitted for culture. Of the 227 HSV isolates, 210 (92.5%) were isolated in A549 cells, 202 (89.0%) were isolated in VMK cells (P > 0.1 for A549 versus VMK cells), and 167 (73.6%) were isolated in MRC-5 cells (P < 0.001 for A549 versus MRC-5 cells). These results suggest that A549 cells are more susceptible to adenovirus infection and at least as susceptible to HSV infection compared with the other cell cultures evaluated. Detracting factors for the use of A549 cells were a slight loss of sensitivity to adenovirus at passage 120 and a concurrent change in the morphology of the cells. The A549 cell line proved to be an efficient, practical, and economical alternative cell system for the isolation of adenovirus and HSV in particular.
In recent years, emphasis on the rapid diagnosis of viral agents has resulted in the development, improvement, and use of procedures such as immunofluorescence assays, enzyme immunoassays, and detection of viral nucleic acids by nucleic acid hybridization. Yet, with all these major advances in rapid viral identification, detection of the virus by isolation continues to be the standard by which all other methods are evaluated (13) . Viral isolation procedures have high specificity, sensitivity, and versatility in detecting a wide range of viruses. However, viral isolation requires a high level of technical expertise and is often a very slow and expensive procedure. Major factors in the high cost of isolating viruses are the variety of cell cultures necessary for propagating various groups of viruses and the husbandry labor costs. Of primary concern has been the search for cell cultures that not only are sensitive but also allow optimal growth of a wide spectrum of viruses.
One of the major programs of the Virology Laboratory at Letterman Army Medical Center is the monitoring of upperrespiratory viral agents in basic-combat trainees located at various army posts across the United States. Adenovirus types 3, 4, 7, and 21 in particular cause acute respiratory disease (ARD) epidemics in military personnel (1, 5, 9) and historically have been the main focus of the program.
Over the years, we have evaluated many cell cultures for their abilities to support adenovirus growth. Cultures of continuous human epithelial-cell lines such as HeLa, KB, and HEp-2 will support adenovirus growth; however, these cells have low sensitivity for the primary isolation of adeno-virus and are difficult to manage because of rapid growth and deterioration. The response of nonhuman cell culture systems to adenovirus infection has been variable, with relatively low yields of virus (7, 11 Methods: ARD study. Specimens were processed and inoculated as described by Leibovitz (8) . Virus isolation and identification by neutralization were performed by standard procedures (7) .
Antisera for adenovirus types 3, 4, and 21 as well as poliovirus types 1, 2, and 3 were purchased from the Centers for Disease Control, Atlanta, Ga.; HSV was purchased from Microbiological Associates Bioproducts; and adenovirus 7 was purchased from Telco Laboratories, New York, N.Y. Poliovirus types 1, 2, and 3 antisera were prepared as a mixture, and the virus was identified only as polio.
To evaluate the sensitivity of A549 cells to other clinically significant viruses, we selected eight viruses for titration: HSV, coxsackievirus A21, echovirus 11, vaccinia, influenza PAP procedure. The procedure we used is similar to one described by Meyer et al. (12) . Major differences in our procedure are the use of phosphate-buffered saline (pH 7.6) as the wash diluent, a 10-min incubation of the primary anti-herpes rabbit antibody, a 5-min incubation of the antirabbit immunoglobulin G and rabbit PAP, and the use of 0.05% trypan blue as a counterstain. A Dri-Bath (Thermodyne Corp., Dubuque, Iowa) placed on its side was used to incubate all tubes at 37°C.
Statistics. Specific data were analyzed by the Pearson chi-square test with a cutoff of P = 0.05.
RESULTS
A total of 552 virus isolates were recovered from the 1,248 throat swab specimens generated by the ARD surveillance program. The numbers and types of viruses isolated and the average number of days for a minimum of 1 + CPE to be first observed in cell culture are shown in Table 1 Results of titrations for sensitivity showed that A549 cells were comparable to HEK, CMK, and MRC-5 cells for a wide range of viruses (Table 2) and that CMK cells were more sensitive than HEK, MRC-5, or A549 cells in the isolation of myxoviruses. Cytomegalovirus was isolated only in MRC-5 cells.
A total of 227 HSV isolates were recovered from 1,157 specimens received, for an isolation rate of 20%. The sensitivity of the cell lines plus the average number of days for a minimum of 1 + CPE to be first observed in cell culture is shown in Table 3 . A549 and VMK cells showed similar sensitivity (P > 0.1) for the isolation of HSV and together proved to be the most sensitive combination of cells, with a sensitivity of 98.2%. The average number of days for CPE to develop was similar for all three uines. A549, VMK, and MRC-5 cells individually supported the growth of 13, 10, and 4 HSV isolates, respectively. The only detracting factors for the use of A549 cells were that a slight loss of sensitivity to adenovirus occurred at passage 120 and that a subtle degeneration of the cells took place, characterized by rounding and granulation. As a result, we limited our use of these cells to passage levels under 100 and included controls to ensure continued sensitivity to adenovirus.
DISCUSSION
During the past few years we have had difficulty obtaining good-quality cell cultures for the upper respiratory disease surveillance program. This difficulty has particularly been a problem for the primary isolation of adenovirus. Our past experience with HEK cells has shown that these cells are sensitive to a wide variety of viral pathogens, including both upper respiratory and enteric viruses. However, fewer and fewer clinical laboratories are using HEK cells for viral isolation because of prohibitive cost and lot-to-lot variability in the quality of the cells. In addition, commercially prepared cells sent through the mail are subject to improper handling, temperature variation, and shipping delays. Continuous human epithelial-cell lines such as HEp-2 and HeLa are relatively sensitive to viral isolation; however, rapid degeneration of these cell lines tends to make observation of viral CPE very difficult.
Replacing commercially prepared primary cell cultures with continuous cell lines of equal sensitivity and specificity is cost effective in any laboratory with tissue culture capabilities. Freshly prepared cells generated in our laboratory are more sensitive than commercially prepared cell cultures in tubes. Since the A549 cells can be propagated in our laboratory, their availability and sensitivity, as well as the monetary savings, are significant. The cells are easily maintained, show sustained morphology, and remain viable for 10 to 14 days in culture without significant degeneration. Two significant observations in the ARD study were the increased sensitivity of A549 over HEK and CMK cells for primary isolation of adenovirus and the decreasing number of days necessary for viral CPE to be observed. The growth and number of days to CPE for poliovirus isolation was the only exception ( 
